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AUTOPSIA 
By P. E. CLEATOR 


A glance at the current Annual Report and List of Members reveals the 
melancholy fact that, out of an original fifteen Founder Fellows of the Society, 
I alone survive as a member; or, at all events, as a member sufficiently con- 
descending to pay his dues. Of the truants, some, alas, are no more. And the 
remainder, by all accounts, are so widely scattered as to be hardly less beyond 
recall this side of the Resurrection Morn. At any rate, and be they dead or 
alive, I mourn them all... . 

Looking back, it is evident that despite all our early efforts, we achieved 
little enough. The marvel is, perhaps, that we contrived to achieve anything 
at all, for in the dark ages of 1933 no votary of rocket propulsion was entirely 
free from suspicion under the Mental Deficiency Acts, and any one of us, I dare 
say, could have had himself put comfortably away for life for the mere asking. 
Even so, in the first ten weeks of the Society’s existence, its numerical strength 
increased no less than threefold. Membership rose, that is to say, from a 
paltry five to a monumental fifteen. 

From the onset, our one aim, the over-riding ambition of our lives, was to 
engage in experimentation and research. Did we, then, proceed to design and 
construct miniature rocket vessels, firing them first in test stands, and thereafter 
consigning them to the empyrean, loaded with tasimeters, baroscopes, lucimeters, 
etal? Well, not exactly. In fact, if the sad truth must be told, not at all. For 
one thing, there was the problem of finance. For another, there was the 
Explosives Act of 1875. And for a third, there was the profound and obstructive 
disinterest of officialdom, at all times and everywhere. 

Naturally, we expected to encounter difficulties. And naturally, these 
expectations were realised to the full. The problem of finance we at first sought 
to solve by soliciting aid from likely sources—the Woolworth millions, Standard 
Oil, King Solomon’s Mines, even the State coffers. The response, however, was 
not encouraging. The Governmental reply, typical of them all, was as follows. 
It bore the imprint of the Under Secretary of State:— 

We follow with interest any work that is being done in other countries 
on jet propulsion, but scientific investigation into the possibilities has given 
no indication that this method can be a serious competitor to the airscrew- 
engine combination. We do not consider we should be justified in spending 
any time or money on it ourselves. 

Thus ran the official epitaph, anno Domini, 1934. And, incredible though 
it may seem, this attitude of smug complacency was roundly applauded in a 
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somewhat disdainful review of my Rockets Through Space, which appeared in 
the eminent Nature for March, 14/36:— 
Mr. Cleator thinks it a pity that the Air Ministry evinced not the slightest 
interest in his ideas; provided that an equal indifference is shown by other 
Ministries elsewhere, we all ought to be profoundly thankful. 


Our answer to the prevailing lack of interest in the rocket was to launch a 
Research Fund, to which we contributed as extensively and as often as our 
individual means allowed. But in August, 1936, and before the fund had 
reached adequate proportions, I received, in a answer to a query, a letter from 
the Home Office, in which it was laid down that the liquid fuel experimentation 
we envisaged was strictly verboten—on the grounds that, in some unexplained 
and unexplainable manner, such activities would contravene the Explosives Act 
of 1875. But, provided a suitable range could be found; and provided the 
suitable range was approved by the Police authorities concerned ; and provided 
the design of the rocket was, in the opinion of the advisers of the Secretary of 
State, sound; and provided it was considered by the aforementioned advisers 
that the rocket could be fired with reasonable safety; and provided the filling 
of the rocket took place on premises licensed under the Explosives Act, 1875; 
and provided any other provisos which it might be considered necessary to 
impose in the light of the particular experiment were met, it appeared that 
British would-be rocket experimenters might, by the grace of God and the 
Secretary of State, shoot a powder rocket. Which is to say, at great inconveni- 
ence and unnecessary expense, experimenters would be entitled to waste further 
time and money designing, constructing, testing, and shooting an archaic device 
abandoned by contemporaries throughout the world more than a decade ago! 

That we strove against the ban it need hardly be remarked. But despite 
valiant efforts, our strivings were in vain. I personally approached several 
M.P.s about the matter, and obtained at least one promise that a question about 
it would be asked in the House. But if the gentleman concerned kept his word, 
then I remain singularly uninformed regarding the occasion. In the end, after 
months of futile effort, I gave it up. Summing up the matter in the Summer, 
1938, issue of Tomorrow, I was forced to admit that 

The position . . . remains unchanged. Which is to say, all who dwell 
in this land of liberty are born with an inalienable right to shoot, fire, or 
otherwise cause to ascend in the air a rocket vessel, providing permission 
has been obtained from the Authorities concerned, and which permission 
will in no conceivable circumstances be given. 


A few months later, in April, 1939, and without so much as a word about or 
against the official ban on experimental activity, the disingenuous Nature had 
the effrontery to declare :— 

It is necessary for us to remark that while the ratio of research results 
accomplished to speculative theorising is so low, little confidence can be 
placed in the deliberations of the British Interplanetary Society. 


Meanwhile, as it now transpires, and at the very time it was placing its 
immutable ban on private experimentation, the British Government suddenly 
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decided that there might be something in the rocket after all. And so, with 
commendable perspicuity, and in profound secrecy, it arranged for a team of 
chemists, physicists, ballistic experts, and engineers to explore the possibilities 
of the device. Within five years, the sponsors of this exploration received their 
due reward—in the shape of a powder rocket! The German experts, of course, 
knew better. All this time, and more, they had been hard at work on half a 
dozen types of liquid-fuel rocket, including several prototypes of the stupendous 
V.2. And so it came to pass that the inhabitants of These Isles, themselves 
officially forbidden to engage in rocket research, ultimately received a practical 
demonstration of the capabilities of the device by way of a sustained bombard- 
ment from abroad. 
POSTSCRIPT 


Extract from the London Daily Express for November 3, 1945:— 


In an Anglo-American shareout of German technicians willing to work 
for the Allies, Britain has been allotted 23 rocket men. 


NOTES AND NEWS 


American Rocket Society Convention, December 1-5, 1947 

Exhibits included R.M.I. 6000-C4 engine used in the XS-1 and D558-2; 
R.M.I. 2-cylinder acid-aniline unit for the Lark missile; Aerojet’s 25-ALD-1000 
and 38-ALDW-1500 acid-aniline ATO units; Walter 109-509 A unit as used 
in the Me. 163 B; B.M.W. 109-718 booster unit for use with B.M.W. 003 
turbojet; Walter 109-500 “cold” ATO unit and the X-4 and HS-298 air to air 
rocket-powered missiles. 

After the Annual Dinner three new honours were announced, including the 
Robert H. Goddard Memorial Lecture—to be presented by a selected worker 
in the field of jet power. A cash award, medal and certificate will be given. 

During the technical sessions the following papers were presented; Pumps 
and Turbines for Rocket Engines, by Wm. P. Munger; The Story of Project 3401— 
the Pioneer Rocket Project of the U.S. Navy, by Lieut. Commander R. C. Truax; 
The Acid-Aniline Rocket Engine, by W. P. Berggren, C. C. Ross, R. B. Young 
and C. E. Hawk; Thermochemistry of Rocket Propellants, by Geo. P. Sutton and 
Liquid Rocket Motor Testing, by Robertson Youngquist. (Aero Digest, February, 
1948). 


French V.2’s 

Over the next five years a total of 30 rockets modelled on the V.2 are to 
be built in France. It is assumed that the projectiles will be used for develop- 
ment purposes. (Inter Avia., August 7th, 1947). 


High-speed Flight 

We hope many members were able to hear the interesting talk entitled 
“Faster than Sound,” given by Terence Nonweiler, of the Supersonics Division, 
R.A.E. (a Fellow of the Society), which was included in the “Science Survey” 
series and broadcast by the B.B.C. on 11th March, 1948. 
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THE MAN-CARRYING ROCKET 
By R. A. SMITH 


Report of a meeting of the British Interplanetary Society held in London 
on January 7, 1948. 


Mr. A. V. Cleaver (Chairman), introduced Mr. Smith by saying that he could 
be regarded as being one of the pioneers of the Interplanetary movement in this 
country, and would be remembered by the pre-war members present as one of 
those who maintained contact throughout the war, and had played an important 
part in the fusion with the C.B.A.S. when the Society was reorganised in its 
present form. He was now employed in the capacity of designer-draughtsman 
at the Ministry of Supply rocket research establishment at Westcott. 


Mr. Smith commenced his lecture by observing that the opinions he was 
about to put forward were advanced as personal views, and must not be taken 
as representing the official opinions of the Ministry in any way. He wished to 
make acknowledgement to the Chief Scientist for permission to present his 
paper, which would be divided into two parts, the first being a general discussion 
of the subject, the second, a review of a proposal advanced to the Ministry in 
collaboration with Mr. H. E. Ross. 


Part 1—General Considerations 


Mr. Smith commenced by emphasising the fundamental difference between 
“rocket planes’ and true rockets, stating that he was not proposing to discuss 
man-carrying rocket ‘planes, of which there were several successful examples, 
but intended to confine himself to the problems of the man-carrying rocket 
proper. The former relied on the sourrounding atmosphere for support and 
control, and were merely propelled by rocket motors, whereas the true rocket 
is completely independent of the atmosphere for its operation. The full poten- 
tialities of the man-carrying rocket could only be exploited if it were developed 
to its logical conclusion, guided and propelled by rocket action. This would 
enable it to operate under conditions favourable to efficient working. _ To realise 
these conditions the rocket must travel through the rarified upper atmosphere 
at velocities of the same order as that at which the efflux is ejected from the 
rocket. 

Operation under these conditions introduced problems which needed investi- 
gation and experiment. Directional control was the first of these, various 
methods of obtaining offset thrust being cited, such as deflector vanes in the 
efflux, moveable motors and auxiliary jets. It was pointed out that a single 
inclinable jet could not counter roll, and that the attitude of the machine only 
affected the direction of motion during thrust periods, when operating t vacuo 
or rarefied air. The most efficient operation of rockets demanded the technique 
of the ballistic trajectory, with concentration of periods of power output, and 
this required the ascent to great heights from which the return to dense atmo- 
sphere presented difficulties. The re-entry velocity would be of a high order, 
frictional heating and deceleration would impose intolerable conditions on the 
structure and crew unless the correct procedure was employed. Glide-in along 
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an inclined path was a possible solution, but introduced the difficulty of finding 
a wing form suitable for use throughout a range of velocities from well above 
sonic to well below it. Additionally, the introduction of wing surfaces imposed 
design limitations calling for a great increase in structure weight. Rocket 
braking, another alternative, had the objectionable feature in that heated gases 
were ejected forward in the path of the machine, though this system might, 
however, be used in conjunction with parachute descents from great distances 
beyond the atmosphere. Mr. Smith’s own opinion had hardened in favour of 
a parachute designed to give a constant drag, irrespective of the changes in 
velocity or air density which would obtain in a descent. This is similar to the 
principle of the ribbon parachute, and is essential if too great a deceleration is 
to be avoided in the latter stages of the descent, due to the rapid penetration 
of the density gradient. 

Although atmospheric heating would occur at high velocities the heating of 
the machine itself depended on the density of the impacted air, which might 
be at high temperature, but would transfer little heat owing to the small mass 
of air impacted. 

In Mr. Smith’s opinion the most interesting problem encountered, and one 
which needed practical experiment under operating conditions, was the effect 
likely to be produced on the pilot during the periods of free flight under 
momentum, during which period he would suffer conflicting sensations of 
direction, due to the peculiar conditions set up in the semi-circular canals by 
lack of hydrostatic differential. The conflicting messages conveyed to the brain 
due to the random displacement of the nerve endings might lead to giddiness, 
nausea, and finally, to temporary paralysis. 

As it is impossible to duplicate this condition on the ground, he thought that 
experiments should be conducted into this effect, and also as to whether the 
rotation of the cabin would provide some measure of relief, so that the whole 
matter could be placed. beyond doubt. Until it has been demonstrated that a 
man can survive the experience of a rocket ascent, all talk of interplanetary 
flight must remain a matter of academic theorising. The experiment could be 
made the objective of an extensive research programme, in the course of which 
the technique of ballistic projection would be mastered, mechanical reliability 
improved and experience gained in the control of rockets by direct rocket action. 
This would be a rather different direction of development from that now 
envisaged in the field of guided missiles, and would be more directly connected 
with the development of interplanetary flight. It was against this background 
that Mr. Ross and he had formulated the design for the manned rocket which 
was submitted to the Ministry of Supply on December 23, 1946. 


Part 2 The Project for the Construction of a Man-carrying Rocket 

RO nckaeminig k's era PURPOSE OF THE PROJECT. 

1.1 To provide experimental data of the effects on a human being of certain 
conditions of rocket flight—in particular, variations in gravitational datum 
over a wider range than can be obtained by any other means. 

1.2 To gain experience of conditions required to maintain manual control of 
rockets in powered ascent. 
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To demonstrate the possibility of returning a pressure cabin and occupant 
to the surface of the earth from extreme altitude. 

To determine the effect on human beings of a short period of exposure to 
conditions arising from lack of a surrounding atmosphere. 

To check by direct human observation the interpretation of instrumentally 
obtained high-altitude data. 

To carry out experiments with pulse transmission of telephone speech 
from a height of up to 225 miles, through the ionised layers existing below 
this level, checking fading, distortion and directional aberration under 
various atmospheric conditions. 

To obtain spectrographic records of the solar photosphere with greatly 
reduced interference from Earth’s atmosphere. 


To obtain a better estimation of the extent of the solar corona. 


To obtain photographs of the earth’s surface and curvature from high 
altitude. 


eee eae She GENERAL OUTLINE OF THE PROJECT. 

It is proposed that a rocket should be constructed utilising a motor similar 
to that employed in the A.4 series of German turbo-rockets. The instal- 
lation would be similar except that the turbine/pump feeds and manifolds 
would be rearranged and the turbine/pump unit itself would be turned 
through 90 degrees to rotate about the major axis of the main body of the 
rocket. The methods of construction and assembly of the main body of 
the rocket would be similar to that employed for A.4, except for the 
following modifications :— 

Omission of the exterior guiding fins and control surfaces and their 
associated servo-units and controls. 

Omission of the warhead. 

Modification and enlargement of the instrument bay to make possible the 
replacement of the existing installation by a pressurised control cabin as 
subsequently described. 

Addition of a jettisonable nose-fairing enclosing the pressure cabin to a 
design described later in detail. 

Increase of total overall length to approximately 57 feet. 

Increase in diameter of hull to 7 feet 2 inches. 

Increase in diameter of tanks and strengthening of end-walls to accom- 
modate, with adequate reserve, sufficient fuel to provide 140 seconds’ 
endurance at full thrust. 

Enlargement and strengthening of main circular members and tank 
supports to accommodate the additional weight. 

Enlargement of graphite controllers in efflux stream to provide adequate 
controlling moment for increased mass. 

Provision of “‘constant drag’’ hull-parachute, container, and ejection 
mechanism to subsequent detail. 
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Provision of additional controls of fuel-delivery rate. 

Provision of mechanism for ejecting the pressure cabin after release of 
jettisonable nose-fairing. 

Provision of telephonic micro-wave pulse transceiver equipment with 
duplicate antennae for communication before and after separation of the 
cabin. 

The machine would be launched from a tower at an angle of 2 degrees from 
the vertical, which would support and guide the rocket for the first 
moments of ascent, until it has gained some measure of directional 
stability. 

Combustion would be initiated as for A.4, and thrust would commence at 
60,000 Ibs., giving an initial rate of acceleration of 9-8 ft./sec.2 With the 
diminishing weight, due to consumption of fuel, the effect of constant 
thrust would produce an increasing rate of acceleration until at 110 
seconds, when the machine would have reached a height of approximately 
150,000 feet, the effective acceleration would have become 2-0g. This 
would expose the pilot to an apparent acceleration of 3-0 g, which may 
be regarded as the safe limit under which the operational duties can be 
satisfactorily discharged, and at or about this point the pilot may operate 
the fuel-flow controls to produce a progressively decreased rate of thrust, 
to keep the reading on a g-meter constant at a satisfactory figure. 


During the whole flight the machine would be under radar observation 
from the ground and itself be in two-way micro-wave pulse communication 
with ground base, the incoming signals operating instruments on the 
control panel, or through emergency circuits operating the controls of an 
auto-pilot directly. The change from normal channel to “emergency” 
would be effected by relaxation of the pilot’s grip or other similar device. 
If the “emergency” circuit is brought into operation, and not subsequently 
cancelled, all ensuing operations would be carried out automatically by 
suitable telecontrols. 

Control of direction would be maintained as in A.4, by manipulation of 
vanes in the efflux, through the agency of servo-motors, excepting that 
the vanes would be capable of being moved so as to produce spin and 
would not have the specialised paired functions arranged in A.4. 


Since the external atmospheric density declines with increased altitude, 
the indicated air-speed would progressively decrease after passing a climax, 
in spite of the increased actual velocity. When the I.A.S. has declined to 
a point where the drag-load upon the nose-fairing is negligible, a pressure 
capsule-operated release mechanism situated in the nose would unlatch 
the sectional nose-fairing, so that each segment is now held in position by 
its own weight plus or minus the differential of the internal and external 
air-pressure. 

At some predetermined moment prior to the climax of the thrust period 
(to be determined experimentally) the fuel supply valves would be closed, 
but the turbine would continue to operate. When the motor ceases thrust, 
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due to lack of fuel, the controlling vanes in the efflux are rendered incapable 
of producing any reaction, but the torque reaction of the turbine is now 
present, and would begin to build up spin in the machine. When the rate 
of spin has reached a sufficient figure, the nose-fairing sections will part 
and be thrown off owing to the fact that the line of the inertial forces 
acting upon them passing through their centre of gravity, moves beyond 
their point of support. The rate of rotation would be steadily increased 
until it reaches a predetermined figure at which the centrifugal force 
acting on a datum line passing through the pilot’s body produces 32-2 
ft./sec.2 radial acceleration. The pilot would then cut the turbine fuel 
supply and the rate of spin would decline slowly due to bearing resistance, 
etc., in the turbine, which tends to transfer the angular momentum of the 
turbine rotor to the body of the rocket as a negative quantity. 


At any moment subsequent to the removal of the nose-fairing, the pilot 
may operate a control which releases a compressed-air charge driving the 
cabin and hull apart and also initiating the operation of a delay control 
for the ejection of the hull-parachute. The cables from the cabin to the 
various mechanisms in the hull would pass through an air-tight plug and 
jack connection, which uncouples when separation occurs, automatically 
switching over the transceiver circuit from the four dipole arrays arranged 
in blisters near the stern of the main hull to a second array situated under 
the floor of the cabin. 


The pressure cabin would be constructed of a suitable light metal alloy 
sheeting and would have two ports with self-sealing conical gaskets for 
access. These ports would be glazed and provided with shutters. The 
pilot, who would be equipped with a g-suit and a standard high-altitude 
flying-kit, including personal parachute, oxygen, etc., would sit in a 
specially constructed cradle, of which the instruments, control boxes and 
seat are an integral part so arranged that the pilot’s attitude may be 
changed by moving the cradle system. The other equipment in the cabin 
would be arranged to counterbalance the offset centre of gravity of the 
cradle system, so that the trim of the cabin is not affected by changes of 
the pilot’s position. These changes are necessitated by the change in 
direction of the centrifugal force acting upon the pilot, as the result of 
spin, from that which was operating axially while the motor was thrusting 
and would enable the pilot to accommodate himself to the prevailing 
gravitational datum. 


Four peroxide-permanganate ‘‘cold’”’ reaction units would be arranged in 
opposed pairs so that their line of thrust reaction operates tangentially 
to the circumference of the cabin in the 'plane at right angles to its major 
axis and passing through the C. of G. By choice of appropriate pairs of 
motors, rate of rotation may be increased or decreased at will, or the cabin 
as a whole may be pushed bodily sideways, the latter effect being of assis- 
ance in preventing swing, if this should develop during the parachute 
descent. 
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When the cabin spin is completely annulled by use of the tangential 
motors, the cabin and its contents, in the absence of appreciable exterior 
air-drag, may be regarded as moving in uniform obedience to the combined 
forces of momentum and gravitation. While this condition obtains there 
will be no tendency towards displacement of anything relative to any 
other thing in the cabin. This is an abnormal condition which will produce 
in the pilot a sensation of ‘‘weightlessness.’’ This condition is liable to 
come about at cessation of thrust of any rocket moving in a high trajectory, 
and its physiological consequences over extended periods are unknown. 
For very short periods in delayed parachute drops a condition of con- 
siderably reduced weight is met with during the period when the falling 
body is accelerating freely, but directly air-drag reaches a significant 
figure the condition of free-fall no longer obtains and the sensation of 
“weight” slowly returns to normal as terminal velocity is approached. 
During those periods of the flight when the cabin is either ascending or 
descending through air of very low density, the pilot would be able to 
conduct experiments with varying periods of “‘weightlessness”’ by annulling 
rotation. He may restore a gravitational datum at any desired moment 
by causing rotation through operation of the tangential motors. 


Suspended on a framework above the cabin roof, on tubular supports, 
would be a parachute pack containing a parachute of special design 
providing for constant drag irrespective of air-density and velocity of 
descent. This parachute would be ejected by the combined action of 
spring flaps and a compressed-air charge, and should be liberated at an 
early moment in the descent. The shrouds of the parachute would be 
attached to this framework, and a quick-release would be provided for 
rapid detachment of the parachute after touchdown. 


Below the floor of the cabin, around its circumference, would be a deep 
crumple skirt to reduce the shock of touchdown and prevent bounce. 
Touchdown may be made either on land or on water, as in the latter case 
the cabin density is low enough for it to float. 


In order to enable the pilot to observe his surroundings while the cabin 
is rotating, an instrument which we have called the ‘‘stroboperiscope” 
would be built into the floor of the cabin in such a manner that an extend- 
able arm containing a lens and prism optical system makes it possible for 
the pilot to see out in an axial direction downwards through this instrument 
into a system of revolving and stationary mirrors rotated by a synchronous 
motor controlled by a gyro-synchronome located on the main axis of the 
cabin. The revolving mirrors of the stroboperiscope would rotate at half 
the speed of the rotation of the cabin. Through this instrument it would 
be possible to obtain an apparently stationary field of vision of about 
25 degrees with a suitable optical system. A model illustrating the 
principles of this instrument was made and demonstrated by the British 
Interplanetary Society in 1937, and showed that an apparently stationary 
field of view could be obtained over a speed range of 0 to 120 revolutions 
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per minute. A modification of this instrument makes it possible to obtain 
an equatorial view, but for the purposes of this project this is not essential. 


The cabin may be equipped with cameras and spectrographic analysers so 
that photographic records may be made of the solar spectrum and other 
photographic data recorded. 

We advocate that the machine should be launched from an extensive 
desert area or from a location close to the open sea, as the drift made 
during the parachute descent might result in a touchdown in an inaccessible 
or dangerous region. Furthermore, the jettisoned parts might possibly 
do damage if allowed to descend in a populated area. In order to facilitate 
final recovery of the cabin and pilot it should be equipped with a radio 
marker-beacon. 

Although the tankage capacity and endurance of the motors would be 
sufficient to provide a velocity which would carry the machine to altitudes 
in excess of 200 miles, we advocate that the full period of thrust should 
not be utilised because of the danger of destruction of the cabin by the 
powerful deceleration resulting from a high-speed drop through the 
barometric gradient. In order to make it possible for safe descents to be 
made from heights above 60 or 70 miles it is necessary to provide a means 
of automatically reducing the area of the parachute as the drag approaches 
a predetermined figure. In our estimates for the design we have assumed 
that the limiting factor will be the forces of deceleration acting upon the 
pilot, and have restrained the rate of deceleration to 2-3 g. actual, which 
would impose a strain of 3-3g. on the pilot. These conditions would seem 
to be met if ejection of a parachute of reasonable size took place at 
approximately 370,000 feet altitude, or when the velocity in descent 
reached 7,340 ft./sec., under which conditions a steady rate of descent of 
17 to 18 ft./sec. would be obtained at a safe height above sea-level. 


For the purpose of calculation of the effect of atmospheric deceleration it 
has been assumed that the atmosphere is in the condition of the I.C.A.N. 
standard atmosphere, and it is realised that variation in barometric 
pressure and other relevant factors obtaining at the time of the flight will 
affect the safe height from which it is possible to return. Computations 
of the stagnation temperatures reached by the impacted air indicate a 
very high air-temperature at certain phases of the flight, but when the 
density of the air in that region is taken into account and allowances are 
made for radiation stability, it can be shown that the heat transference 
per unit area to the cabin and parachute will not be sufficient to justify 
any special precautions other than those indicated above. 


a ee ee PRELIMINARY EXPERIMENTAL PROGRAMME. 


It is realised that this project cannot be embarked upon without some 
preliminary verification of certain basic assumptions. It is intended to 
list here the main heads of experimental work which wouid be required. 


Tests to determine the efficacy of the turbine modifications and fuel-feed 
control. 
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FIG. | — FIG.2 


Section drawing of man-carrying rocket. 


Fic. 1.—General assembly. (See Table B for key). 
Fic. 2.—Appearance in powered ascent. 
Fic. 3.—Climax of powered ascent (disposal of fairing). 
Fic. 4.—Ejection of cabin and carcase parachute. Fic. 5.—Parachute descent. 











3.3 


3.4 
3.5 


3.6 


3.12 
3.13 
3.14 
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Endurance and reliability tests of motor for periods allowing sufficient 
margin for safe operation over the period actually called for. 

Static and dynamic tests of modified structure and equipment. 
Telecontrolled flight tests of prototype progressively incorporating novel 
features in a series of increasing altitude maxima. 

Sounding rocket ascents as may be necessary to amplify atmospheric data, 
so that the relation of the conditions of the atmosphere at various levels 
in the flight may be predicted with sufficient accuracy. 

Tests of the pilot’s reactions to operating conditions. This may take the 
form of subjection to delayed parachute drops from progressively higher 
altitudes in a streamlined container and subjection to high g. in a 
centrifuge. Variation in g. on the centrifuge of approximately the order 
of those experienced in flight whilst subject is called upon to operate 
controls similar to those proposed for the flight. 

Operational drill. Here conditions will be created closely approximating 
to those obtaining in the flight, and the intending pilot will be called upon 
to guide a telecontrolled rocket by instruments similar to those he will 
use in the flight, including controls for nose-fairing and parachute release. 
Training of the pilot in the use of the tangential spin motors by suspending 
a mock-up cabin at the end of a cable of sufficient length to permit freedom 
of rotation, movement and tilt. 

Tests of stroboperiscope synchronisation and performance under conditions 
similar to 3.9 above. 


‘Pressure tests of cabin for air-tightness and tests of air-conditioning 


requirements. 

Drop tests of cabin to ascertain efficacy of crumple skirt. 

Wind- tunnel tests of variable area parachutes and release mechanism. 
Ascents to reduced altitude during experimental programme can be 
obtained by loading the tanks with sufficient liquid ballast to restrain the 
acceleration at full thrust. 

These tests could be carried out with successively increasing terminal 
altitude until the indicated safe limit is reached. 


} There will be a minimum safe height of ascent which will give the pilot 


time to operate the nose-fairing release controls, obtain separation, and 
eject the parachute for the descent. It may be noted here that once 
sufficient altitude has been gained cessation of thrust would still leave the 
machine ascending under momentum and it would be possible for the nose- 
fairing to be discarded when the velocity has sufficiently reduced. 


4.0 SUMMARY OF PHYSICAL DIMENSIONS, WEIGHTS AND PERFORMANCE OF 


4.1 


MAN-CARRYING ROCKET EVOLVED FROM THE GERMAN TURBO-ROCKET 
MISSILE A.4. 
Overall length .. a - _" “* ns 5 


7 feet, 6 inches 
Overall diameter of hull is ne i + 7 feet, 2 inches 
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4.2 Allocation of weight analysis. Ibs. 
(a) Pilot 180 
(b) Air supply 12 
(c) Instruments 200 
(d@) Spin motors and fuel 200 
(e) Internal equipment 270 
(f) Pressure cabin 400 
(g) Carcase parachute 300 
(hk) Pressure cabin parachute 100 
(¢) Power unit of main tanks 3,115 
(7) General structure 2,180 
(k) Nose-fairing 80 
(1) Oxygen tank and fittings 580 
(m) Alcohol tank and fittings 369 
(nm) Alchol mixture .. 16,687 
(0) Oxygen .. 21,813 
(p) Auxiliary turbine fuel .. 525 
TABLE A-—PERFORMANCE ANALYSIS 
Time Weight | Accel. at Mean Gross th. | Velocity Distance 
(T.) (Ibs.) | Time T. accel. (1,000 Ibs.) (ft. /sec.) (feet) 
(ft./sec. per sec.) 
eS — i —_—_—_-— -;— —_—<—$— | ———__— ——_$___—__ Z - 
0 45,901 | 9-8 9-891 60 0 0 
10 43,116 12-6 10-75 60 107-5 537-5 
20 40,331 15-7 13-668 60 244-18 2,296 
30 37,546 19-2 17-493 60 419-11 5,612 
40 34,761 23-4 21-318 60 } 632-29 10,869 
50 31,976 28-4 25-725 60 889-54 18,478 
60 19,191 33-9 31-031 60 1199-85 28,925 
70 16,406 40.9 37.478 60 | 1574-63 42,797 
80 23,621 49-5 45-279 60 | 2027-42 60,807 
90 20,836 60-4 55-057 60 2577-99 83,834 
100 18,051 74:8 67-681 60 3254-8 112,998 
110 15,266 94-3 84-59 60 | 4100-7 149,775 
120 12,896 | 85-0 85.0 46-9 4950-7 195,071 
130 | 10,894 | 85-0 85-0 39-6 | 5800-7 248,776 
140 9,203 | 85.0 85-0 33.5 6650-0 311,013 
148 8,025 | 85-0 85-0 29-2 7339-0 367,266 
Ascent under momentum 838,240 
Total distance 1,205,506 











Time in ascent under momentum = 228 seconds. 
Total time of ascent = 376 seconds = 6 minutes, 16 seconds. 
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Ibs. § 43 Gross projection weight - ns es 47,011 lbs. = 20.9 tons 
180 § 44 Parachuting weight... ne PF + - = 1,292 Ibs. 
12 § 4.5 Time allowance for starting up.. a i a .. 10 seconds 
200 — 4.4 Period at 60,000 Ibs. thrust .. a > a .. 110 seconds 
200 | +7 % Further period at constant acceleration... 3 .. 88 seconds 
2790 | 48 Maximum operative thrust period .. és Sa .. 148 seconds 
400 | 49 Total fuel delivered to combustion chamber at full thrust 275 Ib./sec. 
300 4.10 Auxiliary fuel delivered to turbine at full discharge rate .. 3-5 Ib./sec. 
100 4.11 Gross fuel consumption rate at full thrust .. oe .. 278-5 Ib./sec. 
ai. | 4-12 Specific thrust at total thrust. . a - os .. 220 seconds 
oa 4.13 Maximum thrust = a . ie me .. 60,000 Ibs. 
a 4.14 Calculated maximum height with restrained acceleration 
80 per table A .. Me < te ha Gj sie 225 miles 
S80%E 5.0 .......... PERFORMANCE ANALYSIS. 


369 5.1 14 per cent. air loss for 120 seconds allowed. Fuel assumed lost starting 
5,687 up, 1,110 Ibs 




















1.813 TABLE B—Key To Fie. 1 
525 1. Nose-cap. 14. Carcase parachute. 26. Alcohol distribution manifold. 
2. Compressed-air bottle. 1% Adjustable seat. 27. Flexible coupling. 
3. Nose-fairing. 16. Compressed air bottle. 28. Oxygen intake. 
4. Antennae. 17. Crumple skirt. 29. Steam generator. 
5. Parachute pack. 18. Alcohol tank. 20. Oxygen distribution head. 
6. Pressure cabin. 19; Vent. 31. Turbo pump unit. 
— 7. Instruments. 20. Support bracket. 32. Combustion chamber. 
4 8. Power-pack and transceiver. 21. Servo valve. 33. Turbo exhaust. 
ice 9. Entrance port. 22. Flexible coupling. 34. Dipole blister. 
) 10. Dipole reflector. 23. Alcohol filling point. 35. Venturi. 
11. Control boxes. 24. Vent. 36. Servo-motor. 
12. Spin motor. 25. Alcohol feed pipe. 37. Guide vanes. 
' 13. Stroboperiscope. 
( 
37-5 
16 es 
12 > “ 
39 WANTED—Vols. 1, 2, 3, 4, 5, and No. 2 of Vol. 6 of the B.S. Journal, 
e Vol. 1 and No. 2 of Vol. 2 of the Bulletin. Carlos E. M. Souto, Departa- 
25 eae . 
7 mento Maritimo, Lourenco Marques, Portuguese East Africa. 
7 
34 
'11| BOOKS 
5 
1 ON pure AND 
6 
3 
6 APPLIED SCIENCE ALWAYS AVAILABLE 
0 Please state interests when writing. 
|] | H. K. LEWIS & Co, Lro, S3canensne 
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DEVELOPMENT OF ROCKET FLIGHT 
By K. W. GATLAND 


A review of the film shown to the British Interplanetary Society in London 
on February 14th, 1948. 


The film, “Development of Rocket Flight,” issued under the auspices of the 
Ministry of Supply, has a showing time of about one-and-a-half hours, of 
which a large part is made up from vintage German News-Reels dating back 
to the days of Tiling, Winkler, Opel, Valier, Oberth, Heylandt, and other 
notables of early research. The latter half deals with the development of 
rocket interceptors and guided-missiles, closing with selected items from the 
1929 Fritz Lang space-flight epic, Frau im Mond. 

The commentator explained that as the rocket engine and the aeroplane 
were so closely allied in subsequent war developments, it was appropriate to 
commence with a resumé of aeronautical progress. This took the form of brief 
glimpses of aircraft—from Lilienthal’s hang-gliders to German machines of the 
late war. 

The flight of a rocket life-line to a ship in distress introduced the main subject, 
when attention turned to the ‘rocket pioneers’’ of the late 1920's. 

Some of the scenes here were reminiscent of Chaplin. A skater appeared 
with a battery of rockets strapped to his back intent on a spectacular run 
across the ice. At first the rockets merely fizzed and the skater remained 
motionless. Undaunted, fresh rockets were provided—and the blast pitched 
him forward on his face. Further laughs were registered when the launching 
crew of an early German rocket knocked back pints of wallop before “‘throwing 
the switch,’ and again when a young American seeking to imitate Valier 
merely succeeded in making quaint gyrations in his crudely-built rocket sleigh. 

Sanity returned with a flash-back on Reinhold Tiling and there were some 
interesting views of his ‘““Winged Rocket,” which rose as a projectile, trans- 
formed into a glider at its peak height (sometimes as much as 2,500 feet) and 
spiralled gently back to earth. 

Not so widely known was Tiling’s work with military rockets which bore 
striking resemblance to present R.P’s and performed well despite black-powder 
fillings. Several firings were shown from a near-vertical ramp, while others, 
launched from a light aeroplane, had a remarkably flat trajectory—the date, 
1930 or thereabouts. 

Subsequent reels showed the application of rockets to ice-sleds, cars, rail- 
cars and aircraft, a programme of experiments sponsored by von Opel, the 
well-known car manufacturer, as a stimulant for his business. Little but smoke 
was apparent here though it was noticeable that on one of the rocket cars, 
small “wings” had been fitted at negative incidence behind the front wheels 
to prevent the nose from lifting. The hazardous nature of these early tests was 
evident when Opel sped past with a number of the black-powder propellant 
charges exploding and shooting out behind him! 

Even more spectacular were Opel’s experiments with un-manned rail-cars. 
One left the rails while travelling at over 100 m.p.h., and another exploded 
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Walter ‘‘hot”’ hydrogen peroxide assisted take-off unit 





Walter 109—509c rocket motor for later marks of Me 163 interceptor. Note the small 
auxiliary chamber for economical cruising. 
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The BP 20 or “‘Natter.”” An experimental German interceptor weapon which 
was never used operationally. 


almost as soon as it had begun to move—which was hard luck on a cat “‘placed 
inside to test the effects of acceleration.” 

Another interesting sequence was of the memorable first flight of Opel’s 
rocket-glider. 

Other items were Zucker’s mail-rockets; the unsuccessful attempt to fly a 
pilotless rocket ‘plane from Greenwood Lake in 1935; Winkler’s experiments on 
the Baltic coast, and Heylandt’s liquid-fueled car, which could be driven around 
at low speeds. 

The Heylandt experiments led on, logically, to the first bi-fuel A.T.O. motors 
which Walter produced in 1936. Servicing*operations, static testing and flight 
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The rocket launching. Scene from Frau im Mond 


trials were covered in fair detail, including the application of units for assisting 
transport gliders and flying-boats. 

Walterwerke also produced its first bi-fuel rocket engine for primary aircraft 
propulsion in 1936.° The test flights in 1938 of a Heinkel He. 112 with a Walter 
engine fitted in the tail were particularly successful. Several take-offs showed 
the relative effects of propeller and rocket-drive combined and finally the rocket 
alone. 

The photographs taken from a German fighter of a Messerschmitt Me. 163 
intercepting a formation of ‘‘Fortresses’’ record the destruction of one of the 
bombers. An amazing angle of climb is demonstrated by the interceptor as well 
as a smooth landing approach when its propellant is exhausted. 

Other examples of aircraft weapons, such as the He. 293 and He. 294 ‘“‘glide- 
bombs,’”’ were given which showed the remarkable accuracy obtained over 
several miles by radio-control from parent aircraft. 

Starting with A-4 and continuing with a review of almost every major 
rocket weapon the Germans produced, (the only important omission being the 
Ba. 349 ‘‘Natter,”’ local defence interceptor), the concluding section of the film 
dealt almost exclusively with launching. This subject continued into the 
10th reel, which had only recently been declassified and was omitted from the 
previous B.I.S. showing at the Science Museum. 

This gave particulars of the Rheinbote long-range solid-fuel step-rocket. 
This interesting missile—said to have a range of 90 miles—had four steps, the 
first of which was a large boost rocket something like the powder booster of 
Rheintochter I, but without fins. This first step supplied powerful but short- 
lived thrust to clear the missile from launcher, when it dropped off and fired 














sting 


raft 
alter 
wed 
cket 


163 
the 
well 


ide- 


ver 


ajor 
the 
film 
the 
the 


cet. 
the 
- of 
ort- 
red 














117 





A CRITICISM OF I VIAGGI INTERPLANETARI 








step two, and so on. The three main steps each had a firing time of about 
20 seconds. 

Rocket-propelled, spherical, ‘‘skip bombs’ were another item of unusual 
interest. Dropped from a dive-bomber, they were driven over the sea’s surface 
by rockets, after which they began bouncing at about }-mile intervals until 
eventually they were slowed down and sank. They exploded with the violence 
of a depth-charge. 

Finally, came Frau im Mond, a definite anti-climax The models and sets 
were wholly unconvincing, largely because of their small-scale. The film, 
however, did illustrate that Oberth (who collaborated on the technical side of 
its production) had visualised vertical launching and had incorporated a finned 
booster which jettisoned. 





A Criticism of 
I Viaggi Interplanetari Par Mezzo Delle Radiazioni Solari* 


The above pamphlet submitted certain new proposals for achieving inter- 
planetary flight and the B.I.S. feels that the consideration of all such cases 
forms part of its proper function—even when (as in the present instance) the 
result of such studies is unfavourable. Accordingly, our Technical Director 
(Mr. L. R. Shepherd) has made a survey of the Gussalli proposals, and the 
following notes are a digest of his report. 

The Gussalli scheme may be summarised thus :— 


(a) The space ship must first be lifted beyond the atmosphere, presumably 
by means of a more or less conventional rocket booster. 


(b) Thereafter, the ship would be further accelerated up to escape velocity 
by means of the pressure of a stream of small solid particles acting on 
surfaces extended from the ship, in a manner analogous to that in 
which wind propels a sailing vessel. The stream of particles, which 
Gussalli terms a “nebular cordon,’’ would acquire its own velocity by 
virtue of the pressure of the sun’s radiation. 


(c) The spray dust forming the “nebular cordons” would be conveyed to 
an altitude of the order of 120 km., again by means of conventional 
rockets, and there released to intercept the solar radiation. (Since 
no such service would be available for a return voyage, the main ship 
would have to be capable of making that under normal rocket power). 


As regards operation (c), Signor Gussalli suggests that the dust should be 
projected from the carrier rockets at a number of different points along a base 
line, so that the “‘cordons” always cross in pairs, with the space ship always at 
the point of intersection. It is obvious that this would require a fabulous 
accuracy in timing and aiming the various releases of spray dust. Also, it is 
proposed that some form of mechanical ejector might be used to give the dust 
a helpful initial velocity of some 4 km./sec., but it is more than difficult to 
imagine any such device. It should also be noted that the carrier rockets 


* “Interplanetary voyages by means of Solar Radiation,’’ by Luigi Gussalli. Published 
in Brescia, 1946, for private circulation only. Italian, with English translation. 
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would find it difficult to carry any large mass of very tenuous spray dust material 

in their readily available payload space. 

Reverting to operation (0), it will be obvious that the propulsive effect 
claimed depends on the ‘“‘nebular cordons’’ overtaking the ship with a large 
relative velocity. If the thrust were to cease when the ship attained escape 
velocity (11 km./sec.), then at this position the dust would also need to have 
attained this velocity. At some earlier period, when the ship was travelling 
much more slowly, but the dust nearly as fast, the relative velocity of impact 
would have a value between 5 and 10 km./sec. The destructive capabilities of 
the nebular cordons would therefore be considerable, and it is difficult to 
visualise any form of construction for the thin plane surfaces of the “‘sails” 
which might withstand such a bombardment. 

Apart from drawing attention to these practical difficulties, Mr. Shepherd 
raises certain further objections to the Gussalli proposals. These are of a more 
fundamental character, being concerned with the physics of the “nebular 
cordons.”’ In order to attain their high velocities before striking the sails, these 
would first have to traverse very considerable distances under the accelerating 
action of the solar radiation pressure. It would, of course, be essential that 
they remain as tight beams across the whole of the space so traversed; if they 
did not, then the dust would become spread over such a wide area that only a 
small portion would ever stzike the “‘sails.”’ 

Signor Gussalli claims that his ‘‘nebular cordons”’ would, in fact, remain 
in the form of such tight beams, due to the absence of air resistance. Un- 
fortunately, it can be shown fairly easily that this is not so; they would diverge 
very rapidly, for the following reasons :— 

1. The dust, when being ejected from the carrier rockets, would inevitably 

be given sideways components of velocity in addition to the main 

components along the direction in which it was desired to project the 

“nebular cordon.” 

2. Owing to irregularities in the reflection of radiation from the dust 
particles, the force exerted on them would again give rise to sideways 
velocity components. This effect would be particularly marked for 
very small particles, which would be appreciably affected by individual 
quanta of radiation. 

3. The evaporation of single molecules from the surface of very small 
particles would give rise to a sort of random Brownian Motion. 

4. The radiation incident on any particle must either be reflected or 
absorbed. In the former case, point 2 applies; in the latter, the 
particle cannot continue absorbing energy indefinitely without evaporat- 
ing (see 3), hence a considerable proportion of the incident radiation 
would be re-emitted after an interval—but in a random direction. 


5. If the direction of the initial incident radiation were different from that 
of the desired path of the “‘nebular cordon,” then the particles of the 
sunward side would tend to acquire higher velocities than those on 
the shaded side. The resulting relative motion of particles in the beam 
would produce scattering due to collisions. The “shading” effect would, 
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of course, be more pronounced for denser spray dust material. The 
“cordon”’ would thus tend to curve, and this bending would inevitably 
lead to divergence. 

6. All the foregoing effects would have a cumulative action. Thus, the 
radiation scattered by reflection or re-emission inside the “nebular 
cordon” would give rise to an internal pressure tending to spread the 
beam. Again, from purely mechanical considerations, collisions 
would occur between particles which would result in a random jostling 
in all directions. 

Actual calculations on the above points made by Mr. Shepherd show that the 
“nebular cordons’’ would need to have lengths of the order of 1,000 km. in order 
to acquire their necessary final velocities. Over this distance, the beam widths 
would spread to many kilometres across, and the net propulsive force finally 
transmitted to ‘‘sails’’ of any practicable size would be quite negligible. In an 
attempt to minimise this spreading tendency, the use of extremely tenuous 
spray dust might be suggested (see 5). However, in this case, calculations 
again show that very considerable spreading would still occur, while the 
decreased density of the beams would in itself lead to the same overall result— 
the propulsive force would be negligible. 





INITIAL ARC OF THE TRAJECTORY OF 
DEPARTURE 


‘By Derek F. LAwpEN, M.A. 


The equations governing the trajectory of departure of a rocket whose jet is 
maintained parallel to its motion have been derived in a previous article. Due 
to the rapid variation in /, (the perpendicular from the centre of attraction on to 
the tengent to the trajectory), over the early part of the curve, these equations 
prove to be unsuited to numerical calculation of the initial arc, but by neglecting 
the variation in magnitude and direction of the gravitational acceleration 
during this early stage, it will be shown that formula may be obtained which 
will permit the calculation of this arc to a point where the more general equa- 
tions become manageable. 

At the point of projection O, take axes Ox, Oy, fixed relative to the gravita- 
tional field (i.e., not rotating with the body) Oy being vertically upwards at O 
and Ox being horizontal, so that the plane Oxy is the plane of projection. 
Then, using the notation of the previous article, the equation of motion of the 
rocket is 


dy Udm 
oe ot ee ep SE eon y ii 
a oe ents Ve iy ssas co oak vine cwrnene (i) 


The force per unit mass experienced by the crew is 
dy 


as ate J 
7 grad V 








120 DEREK F. LAWDEN 





and we shall choose U and dm/dt to be such that this has magnitude ng. It 
follows that 

U dm 

— —- = — ng 

m at 
grad V will be taken to be of magnitude g and parallel toOy. Remembering that 
U is parallel to v, by resolving the vector equation (i) along the tangent and 
normal to the trajectory the following equations are obtained 


dv a 
me ee es Re ee ees (iii) 
a2 
A OU ori tne dew» Wente «> tndade (iv) 
p 


p being the radius of curvature of the arc and % the angle made by the tangent 
with Oy (Fig. 1) 


V4 y 
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Fic. 1 








These equations are soluble for + and y in the following fashion. 


(iii) may be written 


d dys 
ap (° 2) 7s =ng—gcos 


and from (iv) 
* pap 
v? — =g sin 
ds 8 8iny 
s being the arc length OR. 
Eliminating dys /ds between these equations gives 
dv? 


dip 


+ 2 (cot % — n cosec ) v? = 0 





. (ii) 
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Solving this for v 


4 (v) 


v =A cosec ¢ tan” Qo titttt ert ete etter sees 
A being fixed by the initial conditions. If at O, f = ¥%,, v = v, and u, u, are 
defined, so that 
uh Po 


“=tan 5 ; “u, = tan 


(v) may be written 


antl + gant { 
U=U, u," + 4," 0'0 @.0\6 6.970)5 8 64 ae. pee oe (vi) 
From (iv) 
ds <A? 
as cosec® y tan®” b eer Ty ee (vii) 
t g « 
But 
dx dxds se ds 
Bano 
and so 


dx A? 2 pb t 2n 
> = — cosec* an 
dys g 


Integrating for x under the initial conditions x = 0 at » = yf, 


A2 fy?" u,2” -1 y2ntl — u 2"tt } 
s= = 5 + (n # 4) | 
{ 


toi-e. 














2g 2n — 1 2n+1 
P 6cGile a epatain (viii) 
A? u | 
=5, } log — + 3(u* — u,%) > (n = }) 
<§ | Ue j 
In a similar fashion it is found that 
A? uz” 2 4,2" 2 u2"t2 aa U2"? (n 1) ] 
y= — | — CC ————— i. 
. 4g 2n —2 2n + 2 
aa Poteet eee (ix) 
ys { u i } 
= — < log — — } (ut — u,4) > (n = 1) 
4e | of u, 4 ( o ) ( } 
Integrating (vii) under the initial conditions s = 0 at py = yf, 
2n-2 2n-2 2 2 2n+2 2n+2 
A2 u2” Pe 4,2" 2 ue" — u, n “2” —U, n , 7) 
oe aa > 5) t 7 . (n #1)! 
~ 4g 2n — 2 n 2n + 2 l 
ee 
A? [{ u v : a &) 
wai log = + uw? — u,? + } (wt — u,4) - (n = 1) 
So & a) 


Finally, to complete the solution, it is necessary to compute ¢ in terms of the 
parameter “. This is done as follows:— 


oS — 
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and so by (v) and (vii) 
dt uA ae xb 
hae cosec? ys tan 2 


and integrating under the initial condition ¢ = 0 at ¢ = #, 


A u”-1 a “,*-? “enti — uy n+l 
t= — | — + Jo # | 





2g n—1 n+1 
Ps cuse een (xi) 
cs 2 log 5 + 4(u® tay bh in= | 
2g 1 J 


All the unknowns have now been inte in terms of the parameter « and so 
the problem of the rocket’s initial motion may be regarded as solved. These 
formulae should be sufficiently accurate for the purposes of computing the first 
50 miles of a trajectory of departure from the point at which the rocket’s thrust 
is brought into parallelism with its velocity. The remainder of the trajectory 
must be computed by numerical methods applied to the more general equations. 

Assuming an initial velocity of } mile/sec. and an acceleration, as felt by the 
crew, of 5 g., the initial trajections of departure from the earth have been 
computed and plotted in Fig. 2, for various values of %,. Three equivelocity 
curves have been drawn in. The overall accuracy is about 2 per cent. Such 
curves would form part of the charts of arrival and departure described in a 
previous article. It will be noted from the above formulae that the shapes of 
the curves depend only upon ys, and m. Given these two latter quantities, 
variations in v, and g merely alter the scales along the x and y axes. Conse- 
quently the curves corresponding to certain fixed values of v, and g must be 
computed and then a simple change of scale will convert these into the trajec- 
tories Corresponding to any other values of v, and g. 

It must be borne in mind that during the very early stages of departure from 
a body it is impossible to satisfy the condition that the rocket’s thrust shall be 
maintained parallel to its velocity in space, since, until it has acquired an 
appreciable velocity relative to the body itself, it will of necessity possess a 
velocity parallel to the body’s surface, so that any attempt to maintain the 
thrust parallel to this velocity entails zero thrust component opposed to gravity 
and the trajectory curves towards the surface and intersects it. In the case ofa 
body, such as the earth, a second reason why this condition cannot be satisfied 
is that the action of the atmosphere on the rocket will tend to maintain the 
thrust parallel to the direction of motion relative to the atmosphere. It follows 
thatthe point from which all such trajectories as those computed above radiate, 
must be supposed to lie outside this atmospheric belt, if any, or at any rate 
some distance above the body’s surface. The motion from the actual point of 
launching to the origin of the charted trajectories will depend upon the mode 
of launching and the presence or absence of atmosphere. If an atmospheric 
belt exists it may be assumed that during this early stage the thrust will be 
maintained parallel to the velocity relative to the atmosphere by the frictional 
and other effects of the latter. If this is so, by taking the axes Ox, Oy through 
the launching point O as fixed in the body and neglecting the effects of the 
body’s rotation, but for a small “‘centrifugal’’ correction to g, it is easily seen 
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that all the above formulae are true for the relative motion. Thus the trajec- 
tories plotted in Fig. 2, may be regarded as being relative to the earth for the 
purposes of studying such relative motion. Having penetrated the atmos- 
pheric belt the direction of thrust will be corrected into parallelism with the 
rocket’s actual velocity in space, if maximum efficiency is to be attained. 
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If the trajectory through the atmospheric belt is computed using the above 
formulae, (ii) is no longer valid. If F is the force due to atmospheric friction, 
the motors must supply an additional thrust of amount F, if the acceleration is 
to be maintained at mg and so (ii) becomes 

Udm 
ma "=m 

Knowing the shape of the rocket, an approximate value for F, under any 
conditions in the earth’s atmosphere, may be obtained by reference to existing 
ballistic tables and then m could be calculated along the trajectory by numerical 
integration. In any other atmosphere, or for motion in the earth’s atmosphere 
if accuracy is essential, data defining F will have to be obtained by observation 
of actual rockets or wind tunnel experiments. It should be noted however, 
that the accuracy of our knowledge of F in no way affects the accuracy of the 
calculated trajectories, since it is assumed that the rocket is equipped with 
some device which measures the apparent gravity and maintains it steady at ng 
by controlling, through servo relays, the rocket thrust. Equations (iii) and 
(iv) are therefore true and do not involve F. 
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Edited by J. HUMPHRIES 








Stationary Orbits 


(Arthur C. Clarke. Journal of the British Astronomical Association, Vol 57, 
No. 6, December, 1947, pp. 232-237). 

A “stationary orbit”’ is defined as one in which a satellite revolves with the 
same period as its primary’s day, so that it neither rises nor sets. The nearest 
approaches to this in the Solar System are the cases of Phobos and Jupiter V. 
Such orbits will be of great importance when “‘space-stations’’ come to be built 
and the use of the 24-hour orbit for world-wide radio relaying from repeater 
stations has already been pointed out. 

The paper shows that two points exist in line with the Earth and Moon at 
which small bodies would revolve with the same period as the Moon. One is 
58,000 kms inside the Moon's orbit, the other 64,000 kms beyond it. A body in 
the outer orbit, were it not for perturbations, would always be invisible from 
the Earth. The positions of these points are derived by direct mathematical 
analysis and by an independent graphical method. 

The stability of the orbits is briefly discussed: natural bodies could not 
remain in them for any length of time though they might be temporarily occupied 
by meteors, etc. However, space-stations could occupy them permanently with 
the expenditure of a very small amount of power, since the perturbing accelera- 
tions are only of the order of a micro-gravity. 


Reflection of Microwaves from the Moon 
(Z. Bay. Hungarica Acta Physica. 1947, Vol. I, No. 1, pp. 1-22, illus., refs.) 

The possibility of the reception of microwaves reflected by the Moon is 
considered theoretically. To increase the signal/noise ratio of the receiver, 
i.e. to raise the signal above noise-level, a special method of cumulation is 
proposed. The equipment developed according to the above principles is 
described, and the experimental method and results are discussed. 

The experiments show that electromagnetic waves of 2-5 m. wave-length 
can pass through the ionosphere. The orders of magnitude of the absorption 
and dispersion in the ionosphere and the reflection coefficient of the Moon’s 
surface are given by the experiments as expected. 


Highly Concentrated Hydrogen Peroxide 


(By E. S. Shanley and F. P. Greenspan, Industrial and Engng. Chem., Dec., 1947, 
Vol. 39, No. 12, pp. 1536-43, illus., tabs., refs.) 

The physical properties of 90 per cent. hydrogen peroxide are summarised. 
The decomposition of hydrogen peroxide is discussed with relation to catalysis 
and stabilisers. Various typical reactions of high strength peroxide are out- 
lined. These include applications to organic synthesis, bleaching, polymerisa- 
tion, and explosives technology. The handling of concentrated hydrogen 
peroxide is discussed with special reference to possible hazards. Recommended, 
especially for those engaged in the development of peroxide rockets. 
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Performance and Ranges of Application of Various Types of Aircraft 
Propulsion Systems 
(N.A.C.A. Tech. Note No. 1349, August, 1947, 67 pp.) 

Discusses the performance characteristics of the compound, the turbine- 
propeller, the turbojet, the turbo-ram-jet, the ram-jet and the rocket types of 
engine. Both subsonic and supersonic flight are considered. (From Fuel Abs., 
January, 1948.) 


Lethal Effect of Cosmic Ray Showers on the Progeny of Animals 
(J. Barnéthy and M. Forré. Experientia, January 15, 1948, Vol. 4, No. 1, 
pp. 31-3, tab.) 

Experiments were carried out on Angora rabbits and white mice, 16 mm. 
thick lead sheet being used to generate cascade showers. Lethal effects were 
shown in both sets of experiments. The working is being continued. 


The Cosmic-Ray Counting Rate of a Single Geiger Counter from 
Ground Level to 161 Kilometers Altitude 
(J. A. Van Allen and H. E. Tatel. Phys. Rev., February 1, 1948, Vol. 73, No. 3, 
pp. 245-51, illus., graphs, refs.) 

The cosmic-ray counting rate of a single Geiger counter has been measured 
from ground level to an altitude of 161 kilometres. The equipment was carried 
in a V.2 rocket at geomagnetic latitude A = 41° N. Especial care was taken to 
avoid multiplicative effects from surrounding material. A value of the charged 
primary cosmic-ray flux of 7 = 0-12/sec./cm./steradian, averaged over the 
upper hemisphere, is implied by the data above 55 km. This interpretation of 
the counting rate must be qualified by the as yet unknown contribution from 
secondaries which emerge from the atmosphere and execute orbits in the earth’s 
magnetic field. 

Why are we Studying Cosmic Rays? 
(H. L. Bradt. Experientia, February 15, 1948, Vol. 4, No. 2, pp. 41-56, 
illus., refs. 

A well-ordered semi-technical account of the theoretical and experimental 
work on the nature of cosmic rays up to May, 1947. Contains statements of the 
principal problems facing investigators.- 


Skyrocket 

(Flight, February 5, 1948, Vol. 53, No. 2041, pp. 147-9, illus. Short description 

also in Engineering, February 20, 1948, Vol. 165, No. 4282, p. 175, illus.) 

This Douglas machine was designed to investigate the limits of application 
of the subsonic type of aerofoil A Westinghouse 24 C (J-34) turbo-jet is pro- 
vided for take-off, normal flying and landing, and a Reaction Motors rocket unit 
for high-speed test flying. A typical test run during the research flights will be 
to take off, using the turbo-jet only, climb to about 25,000 feet, start the rocket 
motor, make a high-speed run of about 2 minutes duration, and return to base 
with the turbo-jet. The whole operation will take about half an hour and 
1} tons of rocket propellants will be burnt. 
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Reports of the Third National Congress of French Aviation, 
April 1-5, 1947 


(Available from Secrétariat Général, 6, Rue Cimarosa, Paris XVI, France.) 


1. La Transfusion Coronaire Oxy-Iontsée combinée a l’excitation électrique du 
coeur dans la réanimation. (Dr. F. Lefebure. Report No. 8/25, 16 fr., 
12 pp. 
Discusses the problems of reanimation of the human body after 
subjection to long and excessive accelerations in astronautics, causing 
apparent death from cardiac and pulmonary syncope. 


2. L’ Energie Nucleaire et la Propulsion en Astronautique. (A. M. Ducrocq. 
Report No. 8/27, 20 fr., 20 pp., tab., illus.) 

Theoretical outline of fanciful scheme for a reaction motor using 
nuclear energy, in which the liberation of heat to the surrounding parts 
of the motor is prevented by the maintenance of an electric or magnetic 
field disposed to reflect the nuclei released rearwardly to give propulsive 
effect only. 


3. Le Regime de Detonation dans les Fusées a Liguides. (H. F. Mélot. Report 
No. 8/31, 8 fr., 4 pp., illus. 

Examines conditions in which detonation occurs on ignition, or during 
combustion of fuels, in liquid-fuel rockets, and proposes a scheme to make 
use of continuous detonation instead of steady combustion, thereby 
obtaining a much higher specific impulse. 


4. Procéde Electrique de Mesure de la Vitesse d’ Ejection des Gaz a la Sortie d'une 
Tuyeére. (H. F. Mélot. Report No. 8/32, 4 fr., 4 pp., illus.) 

Based on experiments on liquids on electro-inductive method of 
measuring directly the velocity of a jet of effluent gas is proposed, in 
which the jet of gas is allowed to flow across a magnetic field. Proposals 
are also made for an electric generator and conversely an electrical method 
of accelerating a gas jet, employing this principle. 


5. La Physique Corpusculaire dans ses Applications a la Propulsion des Fusées 
Cosmiques. (M. Ternisien. Report No. 8/115, 8 fr., 6 pp., refs.) 
A fanciful proposal to convert nuclear into electro-static energy for the 
propulsion of a space rocket. 


6. La Measure de la Temperature dans la Haute Atmosphére. (A Ronaud. 
Report No. 8/125, 12 fr., 12 pp., illus., refs.) 

Examination of the difficulties of accurate temperature measurement 
at 60-70 km. altitude with bimetallic lamina recording thermometers and 
investigation of the time and: temperature lag of the apparatus, with 
attempts to improve these features. Above 100 km. altitude a different 
type of thermometer appears necessary. 
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Les Progrés de l’Engin-Fusée: de la V.2 au “Neptune” 
(C. Rougeron. Science et Vie, March, 1948, Vol. 73, No. 366, pp. 145-54, illus., 
tabl., regs.) 
A comparison of V.2 and ‘“‘Neptune.’’ General discussion of design of liquid 
propellant rocket projectiles. 


Research on Rocket Fuels of the Hydrogen Peroxide-Hydrazine Type 
(Report No. B.I.0.S./J.A.P./P.R./826, February, 1946, 112 pp., illus., tabs. 
H.M.S.O., Ls.) 
This consists of a summary of the rocket fuel research programme at the 
First Naval Fuel Depot., Ofuna, Japan, and reprints of the following technical 
papers. 
(1) Studies on the Synthesis of (NH,), S,O, by PbO, anode. 
(2) Studies on Materials for Anticorrosive Tubes for Producing Hydrogen 
Peroxide by Hydrolysis of Ammonium Persulphate. 

(3) Studies on the Synthesis of Hydrogen Peroxide from Water Vapour by 
Electric Discharge Method. 

(4) Studies on the Synthesis of Hydrogen Peroxide from a Hydrogen- 
Oxygen Mixture by Electric Arc Discharge. 

(5) Research on Organic Stabilisers for Hydrogen Peroxide. 

(6) Studies on Metallic Materials for Manufact’zing, Storing and Trans- 

porting of Hydrogen Peroxide Solutions 

(7) The Design and Operation of Hydrogen Peroxide Concentration Plants 

at the First Naval Fuel Depot. 

(8) Synthesis of Hydrazine. 

(9) Synthesis of Hydrazine from Urea. 

(10) Studies on the Combustion of Hydrogen Peroxide and Hydrazine 
Hydrate. 
Other Papers Noted 

The Artillery Rocket. Maj.-Gen. J. F. C. Fuller. Ordnance, Sept.—Oct., 1947, 
Vol. 32, No. 164, pp. 86-8, illus. Short historical introduction followed by 
a discussion of its influence on military design and tactical organisation 
to-day. 

Rockets Unleash Revolution in Air Travel. A.K. Huse. S.A.E. Jnl. Nov. 1947 
Vol. 55 No. 11 pp. 24-8 illus. General outline of the possible applications 
of rockets to aircraft propulsion. 

Trends in Guided Missiles.. Lt.-Col. W. L. Clay. Ordnance, Nov.—Dec., 1947, 
Vol. 32, No. 165, pp. 154-6, illus. Brief, elementary review of future 
possibilities. 

Fuels for Jets. E.L. Klein. S.A.E. Jnl., Dec., 1947, Vol. 55, No. 12, pp. 22-8, 
illus., tabs. Characteristics of rocket and jet engine fuels are given as a 
guide to new power-plant design and use. 
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German Guided and Rocket Missiles. E. Burgess. Engineer, Vol. 184, 1947; 
Oct. 3 No. 4784 pp. 308-10; Oct. 10, No. 4785 pp. 332-3; Oct. 17 No. 
4786 pp. 356-8; Oct. 24 No. 4787 pp. 381-3; Oct. 31 No. 4788 pp. 407-9; 
illus. tabs. The most comprehensive and detailed review so far published. 
Many performance figures are given and the series is well illustrated. 


Nazi Rocket Research. A. L. Ruiz. Ordnance, Nov.—Dec., 1947, Vol. 32, No. 
165, pp. 165-6, illus. Short review of German work, with chronology of A.4. 





Tables for Numerical Solution of Problems in the Mechanics and Thermodynamics 
of Steady One-Dimensional Gas Flow Without Discontinuities. G. M. 
Edelman and A: H. Shapiro. J. Applied Mechanics, Dec., 1947, Vol. 14, 
No. 4, pp. A. 344-51, tabs. Tables of functions to facilitate the numerical 
solution of such problems as are dealt with in the first part of the article 
reviewed above. 

Bell XS—1 Makes Supersonic Flight. KR. McLarren. Aviation Week, Dec. 22, 
1947, Vol. 47, No. 25, pp. 9-10, illus. | History and description of aircraft. 
Reached a Mach Number of 1-1 during tests during November. No difficul- 
ties due to cockpit heating were experienced. 

Bombers and Space Weapons. Interavia Revue, Aug., 1947, Vol. 2, No. 8, 
pp. 12-18, illus. The present and future of guided missiles. 

New AAF Jet-Rocket Fighters Designed for Supersonic Speeds. Aviation Week, 
July 21st, 1947, Vol. 47, No. 3, pp. 11-12. The AAF’s programme for new 
research aircraft. 

New JATO Boost for Jet Bombers. Aviation Week, Sept. Ist, 1947, Vol. 47, 
No. 9, 13. Description of built-in Aerojet solid fuel units on Boeing XB-47. 

Reveal Doppler Tracking for Guided Missiles. Aviation Week, Sept. 15th, 1947, 
Vol. 47, No. 11, pp. 28-30, illus. Description of radio Doppler system as 
installed at White Sands range. 

Rockets for Braking. Inter. Avia., Aug. 21st, 1947, No. 1350. Aerojet experi- 
ments on Vultee Valiant. 

Bell XS-1. Inter. Avia., Aug. 21st, 1947, No. 1350. Details of test flight 
programme. 

Lightplane ].A.T.0. Seen in Rocket Design. Comprehensive description of 
Aerojet 1000 Ib. solid fuei unit. 

An Introduction to the Problem of Guided Missiles. L. R. Hafstad. -Bulletin 
of the Atomic Scientists, Nov., 1947, Vol. 3, No. 11, pp. 341-2. Discusses 
the scientific approach to the problem—non-technical. 

Riding on a Gas Jet. J. K. Rouleau. * J. of Chemical Education, June, 1947, 
Vol. 24, No. 6, pp. 307-10, illus., refs. Elementary discussion, chiefly of 
theory and solid fuels. 

XS-1 Research Airplane. RR. M. Stanley and R. J. Sandstrom. Aeronautical 
Engineering Rev., Aug., 1947, Vol. 6, No. 8, pp. 22-6, illus. Clear and 
comprehensive technical description of the XS-1 including an historical 
account of the design and an analysis of the first flight tests. 
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REVIEWS* 


Between the Planets 
(By Fletcher G. Watson. Published by J & A. Churchill, Ltd., 104, Gloucester 
Place, Portman Square, W.1. 222 pp., index, photos and diagrams. 18s.). 

This is another in that excellent series, ““The Harvard Books on Astronomy,” 
one of which, Earth, Moon and Planets, has already been reviewed in the 
September Journal. -Lavishly illustrated, it also contains many useful tables 
and graphs which present their information in a form readily grasped, not only 
by those already familiar with the subject, but also by those to whom it is new. 

The scope covered by the book is very wide, considering its size (and one 
wishes there was more of it), embracing minor planets, comets, meteors and 
meteorites and other interplanetary material, all of which are treated from the 
point of view of their inter-relation, though each is discussed in detail. The 
chapter on “Meteorites in the Laboratory” is especially interesting, and contains 
many good photographs of their peculiar and varied structures. 

Mr. Watson’s obvious enthusiasm for, and expert knowledge, of his subject, 
together with a pleasantly readable style, assist in making his book a notable 
contribution to popular astronomy, and one which is of supreme interest to all 
who have given much thought to the question of hazards likely to be met in 
interplanetary space. S. M. M. 





Cosmic Radiation 
(Edited by Dr. W. Heisenberg. Translated by T. H. Johnson, Dover Publica- 
tions, 1780, Broadway, New York 19, N.Y., U.S.A. 1946. Pp. 192. $3.50.) 

The original German edition of this volume was published by Springer- 
Verlag in 1943 to commemorate the 75th birthday of Arnold Sommerfeld. On 
the very day which the book was intended to commemorate, after only a very 
few copies had been distributed, the entire remaining stock and all the plates 
were destroyed by bombs on Berlin. The present English edition was prepared 
from one of the few copies that reached the United States. 

The book consists of 15 separate articles by acknowledged experts in the 
field of cosmic radiation research, and taken together they cover a very extensive 
field of recent work. A few titles will suffice to show the scope and authority of 
treatment that characterise the publication. The Editor, Dr. Heisenberg, gives 
an introductory survey of the present state of our knowledge of cosmic radiation, 
and also gives a second article on the theory of cascades. The Mesons in their 
various aspects occupy eight chapters, to which Dr. Carl von Weizsacker (Theory 
of the Meson) and Dr. S. Fliigge (Meson Theory of the Deuteron) are eminent 
contributors. Nuclear particles in cosmic radiation are described by Dr. Bagge, 
while Dr. Meixner produces an exceptionally useful account of geomagnetic 
effects. The volume concludes with five pages of references, by no means the 
least useful pages of the book. 

To criticise such a volume would be presumptuous, but it is well to emphasise 
that the work is in no way a text-book of Cosmic Radiation. The text as a 


* It would be appreciated if members would kindly mention the Society when enquiring 
about books reviewed. 
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whole reads a little disjointed, as is inevitable where continuity depends upon 
cross references. Also, knowledge on the part of the reader of such topics as 
Yukawa’s meson theory, the Dirac theory of positron-electron pairs, etc., is 
assumed. However, taken as it was intended, namely as a survey for the 
advanced student of the most recent developments in research in this branch 
of science, and indeed, being the only treatment in the English language of 
some of the material which it encompasses, it represents an important contribu- 
tion to the literature of the physical sciences. M. W. O. 


The Coming Age of Rocket Power 


(By G. Edward Pendray. Harper & Brothers, New York and London, 1947. 
Pp. viii + 255, illus. $3.50.) 

The first edition of this book appeared at a somewhat unfortunate time, 
when V.2 had arrived (indeed, it was still arriving ) but when accurate informa- 
tion about the new rocket developments was not generally available. It is a 
pity, therefore, that this revised and enlarged edition of Mr. Pendray’s book 
has missed many opportunities, and even reads quaintly old-fashioned in places. 
For example, a chapter on the possibilities of meterological sounding rockets 
devotes some time to the design of a proposed rocket capable of reaching an 
altitude of ‘‘three to four miles”’ It is refreshing, or at any rate unusual, to 
read such modest claims as some of those which Mr. Pendray puts forward, but 
they might give the layman a misleading idea of what the rocket has already 
done, let alone what it can do. 

Apart from this defect, which to some extent will always be unavoidable in 
any work on rocketry, Mr. Pendray’s book is highly recommended. In giving 
the story of American rocket development it is in many ways complementary 
to Willy Ley’s Rockets and Space Travel, which concentrated on the German 
side. Particularly interesting is the account of che late Professor Goddard’s 
remarkable pioneering .work, which has not always received the recognition 
that it deserved. This was partly Goddard’s own fault, and one is sorry to see 
a tendency in some quarters to go to the other extreme and claim that he was 
responsible for the whole of modern rocketry and jet propulsion. 

Mr. Pendray writes as a rocket engineer, not as a would-be astronaut. His 
extreme conservatism will annoy (or amuse) those who believe that all terrestrial 
applications of the rocket, however important in themselves, will be completely 
overshadowed by the advent of astronautics. It is really fantastic to write, in 
the sixth year of the Atomic Age, that ‘‘as a practical matter we do not seem 
to be much nearer the achievement of space-travel than was Bishop Godwin 
and his swans.”” Mr. Pendray’s estimate for the weight of a rocket needed to 
escape from the Earth with the fuels available to-day is just about a hundred 
times as great as that derived by Malina and Summerfield in their classic paper, 
The Problem of Escape from the Earth by Rocket. 

In his endeavour to be respectable at all costs, the author indulges in some 
mild sarcasm at the “intellectual escapists of Europe in the bitter post-war 
years of the early twenties.’’ This reviewer cannot help wondering morbidly 
what has happened to Mr. Pendray’s alter ego, the science-fiction writer ““Gawain 
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Edwards,”’ who wrote some excellent stories of interplanetary flight in the bitter 
post-depression years of the early ‘thirties. 

It will probably do no good at this date for a British reviewer to raise his 
lone voice in protest against the American use—or misuse—of the words “‘jet 
propulsion.”” Mr. Pendray opens one of his sections with the challenging phrase 
“Jet propulsion is rocket power.” We beg to differ. Cows are animals, but 
animals aren’t cows. The Coming Age of Rocket Power devotes a considerable 
amount of space to athodyds, V.1’s and turbojets. This is quite reasonable, 
but one feels that the title should have been expanded accordingly. 

Incidentally, it is pleasant to record that Mr. Pendray gives full credit to 
Air Commodore Whittle for his invention, though he continually confers on 
him the non-existent Air Force ranks of ‘Captain’ and “‘Commander.”” The 
engaging inability even of American flying personnel to find their way through 
the jungle of R.A.F. ranks seems one of those things, like pea-nut butter, about 
which nothing can be done. One also feels that Mr. Pendray should not have 
left Lieutenant-Commander R. C. Truax as a Midshipman on page 129. 

Mr. Pendray’s book is comprehensive, well-written and on the whole factually 
reliable. Only two errors have been noted: the velocity of escape is given 
variously as 6-64 or 6-664 miles a second, instead of 6-95 miles a second, and 
the remarks about the operational accuracy of V.2 are quite incorrect. The 
statement that “some, presumably launched for London, actually landed in 
Sweden,”’ credits V.2 with a range of 500 miles! 

“There is about rocket power,’’ writes Mr. Pendray, “‘something which 
transcends the bleakly mechanical aspects of the subject, and changes its 
followers into missionaries. . . . We somehow feel privileged, as though we 
had stood in these years at some obscure crossroads in history, and seen the 
world change. We do not know exactly what we have loosed into the earth 
. . . but we feel in our souls that it is magnificent and wonderful, and that the 
human race will be richer for it in time to come.” 

All of us will applaud these sentiments, and will fervently hope that the 


future makes the right choice between the rocket-ship—and the rocket-bomb. 
A.C, C. 


Voyages Interplanétaire et Energie Atomique 


(By Robert Richard-Foy. Published by Albin Michel, 22 rue Huyghens, 
Paris, France, 77 pp.) 

This monograph deals in a general manner, with the problems arising in the 
utilisation of atomic energy to propel rockets through space. 

The author begins with a short description of the various interplanetary 
objectives and goes on to discuss the initial velocity required by a rocket in 
order that it should reach the orbit of Venus. Like one or two of his compatriots 
who have previously written papers on the subject Dr. Richard-Foy’s ambitions 
rest but fleetingly upon our satellite and pass far beyond into deep space. 

Dr. Richard-Foy then passes on to consider the method of applying nuclear 
energy to propel the space rocket and concludes, rightly, that the energy must 
be released in such a manner as to heat up a suitable. working-fluid in the gas 
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phase, so that the latter can then be expanded through a nozzle to provide the 
propulsive jet. The author is apparently unfamiliar with earlier papers which 
have set out these requirements and one must assume that his work was already 
in the press when these were published. 

The author deals with the problem purely from the point of view of energy 
requirements and works out his exhaust velocities on the basis of minimum 
nuclear energy being expended for the particular ‘‘voyage”’ undertaken. While 
this may be very nice in theory, it appears to be completely academic, insofar 
as it leads to excessive exhaust velocity requirements, in the majority of cases. 
It is much more likely that the initial aim will be to get the maximum exhaust 
velocity compatible with the temperature and power limitations of the pro- 
pulsion unit. However, on the basis of minimum energy, the author deduces 
exhaust velocities required in order that the space-rocket should reach Venus or 
Mars in two or six months. Since the author’s minimum energy condition sets a 
figure of 4-95 for the mass ratio these figures for exhaust velocity are naturally 
very high, viz. 45 to 70 km./sec. 

Following upon the energy discussions Dr. Richard-Foy, considers some 
points in the thermodynamics of the intermediate fluid. He calculates chamber 
temperatures which would be needed to give exhaust velocities of 9, 23, 45 and 
70 km./sec. as a result of the adiabatic expansion of the working fluids in the 
rocket nozzles. There is no indication as to the method by which the author 
arrives at his values of chamber temperature, for he does not appear to consider 
the respective merits of alternative working substances, nor does he consider 
the great increases in the specific heats which will occur at temperatures above 
5000° K. when the number of ways in which the energy released in the working 


fluid, can be distributed, increases enormously. Thus his figure of 40,000° (pres-. 


sumably, Kelvin!) for an exhaust velocity of 9 km./sec., is far in excess of actual 
requirements. Assuming that the working fluid was hydrogen, the chamber 
temperature would need to be only a tenth of Richard-Foy’s figure, while a 
value of 10,000° K. should easily give this exhaust velocity with steam, allowing 
for energy absorbed by dissociation, ionisation and other effects. 

The author discusses the possibility of utilising isothermal expansion of the 
propellant gases to obtain high exhaust velocities with much lower temperatures. 
The importance of releasing energy during the expansion of the gases has been 
pointed out by other authors in previous papers. However it is easy to over- 
rate the value of this principle, insofar as it requires excessive expansion 
ratios if effective use is to be made of it. 

In Chapter V the author considers some of the conditions which must be 
satisfied by the nuclear powered motor and the various difficulties which may be 
expected to arise. The contents of this section are extremely vague and the 
diagram on page 51 is futile. Cadmium screens have no value as shielding from 
neutrons, since this element absorbs neutrons in a comparatively narrow band 
of energies below | electron volt, whereas the neutrons escaping from the 
“moteur” would possess energies up to several million electron volts. In the 
authors diagram the ‘‘Reservoir d’eau’’ would be millions of times more effective, 
in absorbing both neutrons and gamma rays than would be the cadmium screens 
which he shows. 
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Dr. Richard-Foy concludes his small book with a discussion of the traversal 
of the atmosphere and considers briefly the question of utilising atomic energy 
for aircraft propulsion. L. RS. 


Rocketry 
(By C. P. Lent. Pen-Ink Publishing Co., 130, West 42nd Street, New York, 18, 
N.Y., U.S.A. (1947), pp. 254, illus., index. $5-00). 

In the foreword to this book the author writes, ‘“To be able to write a good 
book on rockets, in addition, one must be an experienced rocket expert, an 
engineer, an expert draftsman and a commercial artist. Also one must care- 
fully check and recheck the text of the book for hidden petty mistakes; one 
must remember his math. lessons well to prepare the formulae for the text and 
one must be handy with all sorts of graphs and tables.” While we can agree 
with those remarks, however, the only qualifications which the author appears 
to possess are those of draftsman and artist. Unfortunately there is little 
space to give more than a few examples from the multitude of erroneous and 
contradictory statements. On the subject of V.2., the propellants are given as 
C-stoff and T-stoff, and the reader can make his own choice of range, which is 
variously quoted as 200, 250, 200-500 miles and ‘‘It can cross the Atlantic in one 
hour” (!) Londoners in particular will be interested to know that “ 
London was almost completely destroyed by the robot and V.2 rockets. . . 
an estimate which is revised later in the book to read, ““By chance they (V.1 and 
V.2) did destroy several English cities. . . .” 

Mr. Lent’s mastery of his “math. lesson” can be judged from the followed 
extracts. 

‘Tests show that with special equipment aviators can absorb sudden bursts 
of 150 M.P.H. which is nearly 5 G’s to 50 G’s or more.” 

“T am of the opinion, although I might be wrong, that the farther one goes 
away from the earth’s gravitational pull, the easier it will be to stand high 
accelerations. It is possible that gravity is the cause of our acceleration troubles. 
It tends to prevent the human body, which is made up of jelly- -like flexible 
substances, from pulling itself away from the earth too fast.” 

In short, this is completely useless as a serious work on rockets. I. H. 
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SIR, 
Rocket Motion in a Gravitational Field 


In connection with Mr. Lawden’s paper in the December Journal (p. 187) 
it is perhaps worth while to point out that the case he considers of a rocket 
with constant jet velocity u and a constant fractional rate of mass loss dm/mdt 
(which one might term a logarithmic rocket) admits a simple solution of the 
equations of motion in the approximation of a parallel field. Let v be the 
velocity of the c.m. of the rocket, @ the inclination of the velocity to the vertical, 
g the acceleration of gravity. The intrinsic equations of motion are 


dv u dm _ 
iw ata we wees l 
dt m at 6 (1) 
10 ‘ 
uF = g sin 0 (2) 
y : : ud 
Introducing the non-dimensional constant « = ble (3) 
mg dt 


a simple transformation gives (v, horizontal, v, vertical components of the 
velocity) 





dv, av, 
an ‘ 4 
dé ~—s sin? (4) 
Whose solution, taking initial conditions v = v, and 0 = : at ¢= 0 (e. g 
rocket launched from a ’plane in horizontal flight) will be 
i ef 
2 = v, cot 40; v, = v, cot @ cot 40 (5) 
Substitution in (2) gives 
2 a 
“ — § sin 0 tan 40 
at Vo 
ae 8 a+ 1 
t= — —___ |@+ + 1) cot 10. + (a — 1) cot 30 2x (6) 
g 2(a° — 1) 


Finally, the parametric equations of the rocket flight path are 


t v2 1 2a-1 2a+1 
x =f vt = — —__— | ea + 1) cot 40 + (2a — 1) cot 40— ‘2 (7) 


g 2(4a2 — 1) 
t U5" l 2(a+ 1) 2(a— 1) 
y -f[ vat = — aT —1) cot 40 — (a + 1) cot 36 + 2| (8) 
o g 8(0? — 1) 
J. E. Moyat. 
(The formule deduced by Mr. Moyal for the particular case of a uniform gravitational 
field ave substantially those obtained by Mr. Lawden in a further article which appears on 


page 119. As stated in that paper, equations (6) and (8) are true provided «2 ~ 1, and 
equation (7) is true provided a? + }—Ed.) 
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SIR, 
Those Canals on Mars 

As long as an observer can only see Mars through the eyes of his mentor 
(Mr. Ovenden, p. 19 January Journal), he should not regard himself as qualified 
te publish his results. The peculiar thing is that Pickering, observing with 
Lowell, and Douglass also to a lesser degree, developed a quite personal and 
distinctive way of representing the markings on Mars. For a very long time, 
Antoniadi observed along with Flammarion and yet also went a quite different 
way. 

This proves that the method of depiction of Martian features is a purely 
personal thing and that an honest and skille observer does not imitate his 
master. Therefore, to a large extent, the matter is one of vision at the limit of 
human powers and not one of the true nature of the spots on Mars. Equally, 
however, Antoniadi went too far in calling most of the canals “‘illusions.’”’ How- 
ever differently they are seen, good observers will agree that there is something 
there, though some will make the spots irregular, and others see the canals as 
bands, or only the edges of shadings. 

It follows that attempts to photograph the canals, as this is popularly under- 
stood, are very likely to be disappointing. It is, in fact, possible to detect canals, 
and Lowellian canals at that, on existing photographs; but greater enlargement 
shows that once again the eye is joining up half-seen irregular spots, and 
making them into a single line. Cerulli, Pickering, and others have pointed out 
how easy it is to find canals on the moon with a very low power, such as weak 
field-glasses or even the unaided eye; such canals, if you have the sort of eye 
to see them, are, of course, also optical products. As we already know on the 
Moon, better views of the canals will almost certainly make them vanish into 
masses of complex detail. 

It is not true to suggest that other observers have not seen hard and clean- 
cut canals; nor that later observers have departed steadily from the Lowell 
type. First-class observers like Cerulli, Jarry-Desloges, Fournier, Molesworth, 
Graff, and many others have also seen networks of canals. At any time, it is 
possible to put alongside them drawings of the type of those of Mr. Hargreaves. 
There is thus no evidence that the character of the canals has now changed. 

It is to be hoped that there will be further discussion on this matter so that 
current misunderstandings may be cleared away. But it seems a pity that on 
p. 5, three of the seven names given should be misspelt (Isidis R., Deucalion, 
Pandorae Fr.) ; it would not be clear what district several of these refer to. 


T. L. MacDonaLp. 


SIR, 
The Interplanetary Project 
I have received the January, 1948, copy of the Journal, and am concerned 
with what appears to me to be an inaccurate representation of some of the 
discussion following Mr. Cleaver’s lecture on “The Interplanetary Project.” 
The beginning of the first paragraph on page 38 states, “Several speakers 
reiterated the view that interplanetary exploration had a most important 
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significance as a future potential substitute for war, in providing an outlet for 
man’s energies——’ 

As one who holds (and on that particular occasion took the opportunity of 
expressing) different views on that score, I am confident that the tenor of the) 
meeting is not truly conveyed by the report, and would be interested if you 
could inform me either of the names of the “several speakers’’ to which reference 
is made, or their actual contributions to the discussion. 

Mr. H. C. Carter (who spoke later) referred to the ‘‘broadening of man’s) 
horizons’’ which will accompany the advent of travel through outer space and 
this is both likely and greatly to be desired. But one must consider carefully 
whether a broadening of horizons and the provision of new outlets for man’s 
energies will necessarily provide a future potential substitute for war. 

The coming of the ‘‘air age’’-—the advent of the aeroplane that knows no 
frontiers—no geographical barriers—that wings man above the hills and the 
seas—this was supposed to humanise human beings by facilitating social inter- 
course between nations and giving to man a “‘world-view’’—a broadening o 
horizons in quite a literal sense at least! This air age has provided man with a 
new tool for his warlike occupations and the military aircraft is a familiar thing, 

Will the prospect of flight beyond the atmosphere and its ultimate actuality,} 
disengage mens’ thoughts from their plans of war? Or will it act as a stimulant} 
to increased “‘defensive’’ preparation ? 

Are all those now engaged in atomic and rocket research throughout the? 
world for various Great Powers (not, surely, for the interplanetary ideal, but 
simply for military purposes) and others constituting “the mass of mankind” 
one day to “appreciate the point” regarding this “substitute for war?” It} 
just doesn’t correspond with what we know about human nature and human 
blindness. 

Let us strive for our ideal, for the increase of knowledge and love of nature 
and for the accomplishment of flight to the planets, But, let us not kid) 
ourselves—or others. 

S. W. GREENWOOD. 

(“Several speakers” did, in fact, support the view in question, though we cannot) 
now give their names. It is also true that others supported Mr. Greenwood's view, § 
to which we are now glad to give wider publicity by printing his interesting letter 4 
above.—ED.). 

SIR, 
The Strabismus Rocket 

Your correspondent has omitted to mention the Whirling Ramrotor, which | 
is operated by inserting a megabuck in the slot and causes the rocket to gyrate 
in ever-diminishing epicycloids, thereby setting up an artificial gravity, directed 


simultaneously in all directions. 
L.R.S. 


(A further point of interest is that the rocket is powered by annotated hydrogen © 
fluorescence inserted in the Shrimpshire wassal by friction pumps. Combustion 18% 
commenced by the pilot rubbing two sticks together —ED.). 
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